The catalysis of expandable graphite EG for esterification has been studied. EG was prepared with KMnO 4 as oxidant and H 2 SO 4 as inserting reagent. Eexpanded volume，x-ray diffraction and energy dispersive analysis for EG were carried, and its catalytic activity was detected in the reaction of acetic acid with butanol. Influence of mole ratio of butanol and acetic acid, dosage of EG on ester yield were optimumed single factor experiments. The suitable esterification condition is: molar ratio of butanol to acetic acid keeps 1.6:1.0, mass of EG keeps 9.0% of the total mass of reactants; reaction keeping up 1.0 h at the boling point, and esterification rate of 98.2% can be achieved. The reuse ester yield is 86.6% for first reuse and 61.2% for the second reuse.
Introduction
Expandable graphite EG is a kind of new material which is prepared through intercalation reaction of non-carbon substance such as H 2 SO 4 under the condition of chemical or electric chemistry oxidation 1, 2 . Its is normally used as sealing material and adsorbent of oil after being expanded under high temperature 3, 4 . At the same time, EG can be used as solid super acid catalyst in acylation reaction 5, 6 . Butyl acetate is a common industrial product, it was widely used in the manufacture of food, cosmetic, lacquer, leather, flavoring extract and pharmaceutical industries. In the synthesis of butyl acetate, H 2 SO 4 is the traditionary catalyst and the use of H 2 SO 4 often causes problems such as equipment corrosion and environment pollution. Now, the tested replacers are Solid Supper-acid such as SO 4 2 [7] [8] [9] [10] . But some shortcomings limit theirs application in industry such as low yield of ester (among 70% ~ 96%), long reaction time or high cost in catalyst preparation.
EG has the advantages of being easy prepared, lower cost, easy dispersed and recycled. Base on this reason, EG was firstly prepared with KMnO 4 as oxidant and H 2 SO 4 as inserting reagent and then its catalysis for esterification between acetic acid and butanol was studied. The influences of catalyst amount, materials ratio on ester yield were investigated. Natural graphite (C, 5092) was provided by Action Carbon CO. LTD, Baoding, China. Acetic acid, butanol, H 2 SO 4 (96%), KMnO 4 , Na 2 CO 3 , CaCl 2 , NaCl are all analytical reagents.
Preparation of EG
At 30°C, 3.0 g of natural graphite is mixed with 13.0 mL of H 2 SO 4 (mass concentration 75%) and 0.45 g KMnO 4 in a 250 mL beaker. After 30 min， product is washed with deionized water until pH reaches to 6.0 ~ 7.0, and then diped in de-ionized water for 2.0 h. Through filtration and dryness at 75~80°C for about 3 h, EG is gained.
Character of EG

Expanded Volume (EV) of EG
EV is an important factor to judge of the intercalation reaction of H 2 SO 4 into graphite. 0.300 g EG is expanded instantly at 900℃ and turn into expanded graphite and the volume of product is detected with a measuring cup. EV is defined as the volume of expanded graphite corresponding to 1.0 g of EG, written as mL/g and it is detected as 400 mL/g.
X-ray Spectrum of Material Graphite and EG
Analysis of XRD for material graphite and EG were carried out. Two characteristic diffractive peaks with interplanar crystal spacing of 3.34 Å and 1.67 Å are observed in the spectrum of material graphite (Figure 1 ). In the XRD analysis of EG (Figure 2 ), the interplanar crystal spacing change 3.34 Å to 3.42 Å, it shows the layer space is bigger than the material graphite and new substance has inserted into samdwich. The lager EV expandable graphite possessed, the higher dosage of H 2 SO 4 it would hold 11 . Figure 3 and 4 are results of EDS for material graphite and EG. It gives a relative higher intensity of S element in EG'EDS than that of material graphite, which testifies the intercalaction of H 2 SO 4
EDS Analysis of EG
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Preparation of Butyl Acetate
With a definite mole ratio, acetic acid and butanol are added into the reactor appending stirrer and water segregator. Reaction lasts a certain time under the catalysis of EG. Then the 
Results and Discussion
Optimizing of Esterification Reaction
Influence of Mole Ratio between Butanol and Acetic Acid on Yield
In esterification, mole ratio of reactants is the most important influence factor on ester yield. To find the feasible ratio, butanol to acetic acid of 0.8 : 1.0 ~ 1.8 : 1.0 is tested with the reaction keeping at boiling state, mass of EG setting as 7.5% of the total mass of reactants, and reaction stopped until no water separated. As showed in Figure 5 , the reaction gets the lowest yield at ratio of 1.0: 1.0 and it increase with the dosage increase of butanol or acetic acid. Excessive butanol is used in view of its function of acting as water-carrying agent. Ester yield increases with the increase of propanol when the ratio is among 1.0: 1.0 ~ 1.6: 1.0, beyond this value, it began to decrease. To high dosage of butanol would increase the wastage of heat and debase the purity of product. So the n(butanol) : n(acetic acid) = 1.6: 1.0 should be used. Condition：mass of EG is 7.5 % of the total mass of reactants，reaction keeping at boiling state until no water separated.
Influence of Catalyst Dosage on Yield
As tested in single factor experiments, the reaction gets a maximal ester yield at 9.0% when the mass of EG is changed in the range of 6.0% ~ 10.0% of the total mass of reactants (showed in Figure 6 ). Too high EG dosage would lead side reaction, and increase loss of product during filtration separation of EG. 
Selection of Water-Carrying Agent
Function of water-carrying agent is increase the yield of ester through formation of azeotrope with water, which is in favor of the separation of water. The normally used water-carrying agent is cyclohexane and the boiling point of azeotrope composed 8.4% water and 91.6% yclohexane is 68.95 °C
12
. Too low temperature would decrease reaction rate, and at the same time, the addition of too many of cyclohexane would consume a large amount of heat energy during distillation and separation of product. When n(butanol) : n(acetic acid) = 1.6 : 1.0 is adopted, the superfluous butanol would play the role of carrying water. So no additional dehydrolyzing agent is needed.
Feasible Condition to Prepare Butyl Acetate with EG as Catalyst
Base on the above experiments, the feasible conditions to get butyl acetate are gained as: n(butanol) : n(acetic acid) = 1.6 : 1.0, w(catalyst with a EV of 400 mL/g) = 9.0% total amount of reactants and reaction keeps at boiling point until no water separated. Yield of butyl acetate can reach 98.2%.
Reuse of EG
EG shows better activity for the aimed esterification reaction, so its reuse is carried out under the mentioned optimum esterification condition. Before reuse, the catalyst is treated with filtration and dryness under 75~80℃. Its reuse rates are 86.6% for the first time and 61.2% for the second time. The fall of reuse rate may be caused by the change of brim structure of EG grain, which may increase the mass transfer resistance. But the EV of this reused catalyst ishas no obvious change (The EV is 400 mL/g before used in the reaction, and it's 398 mL/g after the catalysis).
Conclusion
The feasible conditions to prepare butyl acetate with EG as catalyst are gained as: n(butanol): n(acetic acid)= 1.6 : 1.0, w(EG with a EV of 400 mL/g) = 9.0% of the total amount of reactants, reaction keeps at boiling point until no water separated. Yield of butyl acetate can reach 98.2%.
EG possesses higher catalytic activity in esterification of butanol with acetic acid and it could be used as polyphase catalyst in organic reaction with proton transfer.
